Pelvic incidence is an individual and unchangeable measure that describes pelvic anatomy independently of the position of the pelvis (Duval-Beaupere et al. [@C8], Legaye et al. [@C19]). It is defined as the angle between the line perpendicular to the sacral plate at its midpoint and the line connecting this point to the center of the axis of the femoral heads (Legaye et al. [@C19]) ([Figure 1](#F0001){ref-type="fig"}). The pelvic incidence becomes stabilized around the age of 10 years (Mangione et al. [@C20]) varying widely from 33 to 85 degrees (Vaz et al. [@C31]). For more than 30 years, it has been thought that pelvic incidence may be related to certain spinal disorders (Offierski and MacNab [@C23], Barrey et al. [@C1], Chaleat-Valayer et al. [@C7], Wang et al. [@C30]) and, sometimes, both back pain and pelvic incidence have been described as altered after a hip replacement (Ben-Galim et al. [@C3], Parvizi et al. [@C24], Eyvazov et al. [@C9]).
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The role of pelvic incidence in hip disorders has been studied less. There have been no comprehensive systematic reviews conducted on the topic so far. The reports on that role have been inconsistent, suggesting that either such a role does not exist (Weng et al. [@C35], Ochi et al. [@C22]) or that higher pelvic incidence may predispose or be otherwise connected to coxarthrosis (Yoshimoto et al. [@C38], Bredow et al. [@C6], Ochi et al. [@C22]). The evidence has been controversial. It has been suggested that higher pelvic incidence might contribute to the development of hip osteoarthrosis, as individuals with increased pelvic incidence tend to lose the anterior covering of the acetabulum due to excessive pelvic tilt with aging (Yoshimoto et al. [@C38]). Additionally, hip osteoarthrosis may probably be triggered by damage to the cartilage or labrum caused by femoroacetabular impingement, which is related, in turn, to abnormal pelvic incidence (Beck et al. [@C2]). Gebhart et al. ([@C13]) studied cadaveric specimens and reported a significant correlation between higher pelvic incidence and hip osteoarthrosis-while no such connection was found by Raphael et al. ([@C26]) when analyzing computed tomography of patients with hip disorders. Even fewer studies have been conducted on the significance of pelvic incidence in hip pathologies other than coxarthrosis. It has been suggested that pelvic incidence may play some role in hip disorders associated with ankylosing spondylitis, femoroacetabular impingement (FAI), and subchondral insufficiency fractures (Gao et al. [@C12], Gu et al. [@C14], Jo et al. [@C17], Hellman et al. [@C15]). In 2 recent systematic reviews (Pierannunzii [@C25], Riviere et al. [@C27]) on femoroacetabular impingement (FAI), lower pelvic incidence has been suggested to relate to a mixed type of impingement. The correlation between anterior pelvic tilt and lower pelvic incidence and FAI occurrence has been considered so important that Riviere et al. ([@C27]) even suggested a classification of spinopelvic parameters as risk factors of developing FAI.

The objective of this systematic review was to evaluate the evidence on the connection between pelvic incidence and hip disorders.

Methods {#s0002}
=======

PICO {#s0003}
----

The criteria for considering studies for this review were based on the PICO (Population, Intervention, Comparison, and Outcome) framework as follows: Adults with hip disorders excluding malignancy and acute trauma. Observational and clinical studies published in peer-reviewed journals excluding theses, conference proceedings, and guidelines. No restrictions based on the time of publication or language. Abstract available.Intervention---not applicable.Comparison---not applicable.Outcome---primary: risk ratios or odds ratios; secondary---any outcome.

Data sources and searches {#s0004}
-------------------------

The Cochrane Controlled Trials Register (CENTRAL), MEDLINE (via PubMed), CINAHL, and SCOPUS databases were searched in February 2017. The search clauses are presented in Table 1 (see [Supplementary data](https://doi.org/10.1080/17453674.2017.1377017)). The references of identified articles and reviews were also checked for relevancy.

Study selection {#s0005}
---------------

2 independent reviewers screened titles and abstracts of articles and assessed full texts of potentially relevant studies ([Figure 2](#F0002){ref-type="fig"}). Disagreements between reviewers were resolved by consensus or by a third reviewer. The methodological quality of the included trials was not rated.
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Data extraction {#s0006}
---------------

The ultimate goal of the review was to evaluate the available evidence on the topic quantitatively. Therefore, when extracting data, some records were omitted due to inability to provide the statistics needed for analysis or as being subsets of the same study. For example, a study was excluded if pelvic incidence average figures were not reported. The data needed for a quantitative analysis were extracted from the included trials using a standardized form based on recommendations by the Cochrane Handbook for Systematic Reviews of Interventions 5.1.0 Edition, part 7.6.9 (Higgins and Green [@C16]).

Statistics {#s0007}
----------

When not reported, a standard deviation (SD) was calculated from a range as:

Pooled average estimates (M) of several studies were calculated without weighting the studies according to their variance. Pooled SDs of several studies were calculated as ("n"---sample size):

The 95% confidence intervals (95% CI) were calculated as:

All the calculations were made using Microsoft® Excel® 2013 (Microsoft Corp, Redmond, WA, USA). The study protocol is available on request from the corresponding author.
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Results {#s0009}
=======

The search resulted in 326 records, of which 223 were screened based on their titles and abstracts, and 52 based on their full texts (Table 2, see [Supplementary data](https://doi.org/10.1080/17453674.2017.1377017) and [Figure 2](#F0002){ref-type="fig"}). 15 studies were analyzed qualitatively in more detail. After excluding 2 studies, the final sample for the quantitative analysis comprised 13 studies (Table 3, see [Supplementary data](https://doi.org/10.1080/17453674.2017.1377017)).

All of the 15 studies were published within the last 8 years. Most of the included studies were retrospective. 10 studies targeted patients with coxarthrosis, 2 studies---patients with ankylosing spondylitis, 2 studies---patients with femoroacetabular impingement (FAI), and 1 study was focused on subchondral insufficiency fractures. Reference groups were used in 7 studies: 6 reference samples were drawn out of a healthy population (of these, 1 sample was matched) and 1 control group consisted of patients with low back pain. Among the studies, 6 were cross-sectional while the rest assessed spinopelvic parameters before and after hip total replacement. Lateral standing radiography was used in all studies, except for 1 (Weinberg et al. [@C32]). In addition, some of the included studies employed a 3D reconstruction technique, sitting radiography, computed tomography, and magnetic resonance imaging. The inclusion and exclusion criteria were considered appropriate and clearly defined in all studies except for one (Gu et al. [@C14]).

The sample sizes of the included studies varied from 19 to 150 patients (Table 3, see [Supplementary data](https://doi.org/10.1080/17453674.2017.1377017)). As expected, the patients with coxarthrosis and subchondral insufficiency fractures were older (around 60 years or older) than patients with ankylosing spondylitis or femoroacetabular impingement (\< 40 years). Across the samples, there was a slight predomination of women. The estimates of pelvic incidence varied more than 10 degrees from 47 (SD 4) to 59 (SD 14). The authors of a few studies concluded that pelvic incidence might play some role in hip disorders, even though the sample sizes were considered underpowered to detect statistically significant results. 2 studies concluded that higher pelvic incidence might contribute to the development of coxarthrosis (Yoshimoto et al. [@C38], Bredow et al. [@C6]). Conversely, 1 study (Weng et al. [@C34]) reported that pelvic incidence might not be involved in coxarthrosis. Gao et al. ([@C12]) reported that pelvic incidence might be correlated with life quality, body pain, "vitality," and "emotional role" in patients with ankylosing spondylitis when comparing the data gathered before and after hip replacement. Hellman et al. ([@C15]) stated that pelvic incidence in patients with femoroacetabular impingement was lower than in the general population---49 (SD 12) versus 55 (SD 11), respectively. Weinberg et al. ([@C32]) specified further that this effect only exists in the Cam type of femoroacetabular impingement.

To form a reference population of asymptomatic individuals for this review, "healthy" groups used in the included studies along with the reports cited by them were pooled (Legaye et al. [@C19], Roussouly et al. [@C28], Vialle et al. [@C36], Legaye [@C18], Sariali et al. [@C29], Weng et al. [@C34], Jo et al. [@C17], Weinberg et al. [@C32]). In this way, the reference "healthy" sample comprised 777 persons (Table 4, see [Supplementary data](https://doi.org/10.1080/17453674.2017.1377017), and [Figure 3](#F0003){ref-type="fig"}). Their sex was equally distributed and they were younger (39 (SD 11) years) than their symptomatic counterparts, except for the studies on ankylosing spondylitis and femoroacetabular impingement. Within this asymptomatic group, the pooled average estimate of pelvic incidence was 53 (SD 10) degrees. The estimate showed a relatively narrow 95% CI of 52 to 54 degrees. For the subpopulation of patients with coxarthrosis (pooled n = 602 subjects), the pooled mean estimate of pelvic incidence was 54 (SD 11) degrees with 95% CI 53 to 55 degrees overlapping the 95% CI of the estimate pooled from an asymptomatic population. [Figure 3](#F0003){ref-type="fig"} presents these findings in the form of a forest plot. From this figure, it can be noticed that CIs of only 4 studies did not overlap the 95% CI calculated for an asymptomatic population: 2 studies on coxarthrosis (Yoshimoto et al. [@C38], Weng et al. [@C34]), 1 on mixed femoroacetabular impingement (Weinberg et al. [@C32]), and 1 on ankylosing spondylitis (Gao et al. [@C12]).

![Forest plot of pelvic incidence estimates reported by the included studies and their pooled figures along with those for an asymptomatic population.Solid line delineates the pooled average estimate of pelvic incidence in an asymptomatic population. Dashed lines demarcate the 95% confidence interval of that estimate. Diamond shape represents the pooled estimate of pelvic incidence in patients with coxarthrosis. First-named author only cited.](iort-89-66.F03){#F0003}

Discussion {#s0010}
==========

This systematic review did not find evidence that pelvic incidence would play any substantial role in hip disorders. However, the results suggested that lower pelvic incidence might be associated with femoroacetabular impingement (at least its mixed type) and with hip problems associated with ankylosing spondylitis. The evidence on association between pelvic incidence and coxarthrosis remained inconclusive.

The main weakness of this review lies in the weaknesses and the scope of the included studies. Most of the studies were retrospective and underpowered. Only a few studies focused on pelvic incidence as a main target. For the rest, pelvic incidence was only a secondary outcome or part of spinopelvic sagittal alignment totality. The study designs, reference groups, settings, and methods varied widely, leading to incapability to perform a true meta-analysis or to analyze systematically the methodological quality of the studies. We did not conduct a meta-synthesis and therefore the degree of heterogeneity between the included trials remains unknown. Our quantitative analysis should be generalized with caution---rather as an uncertain predisposition than as an exact recommendation. Despite these weaknesses, this systematic review provides valuable knowledge on the topic of interest both qualitatively and quantitatively. The results should be noted when screening for the risk factors of hip disorders, planning surgery, or predicting the course of these conditions.

This is the first systematic review focused entirely on the importance of only one single spinopelvic parameter---pelvic incidence---amongst patients with different hip problems. Therefore, the results are not directly comparable with any previous reports. The diversity and inconsistency of evidence on the topic may reflect the fact that, while the significance of pelvic incidence in different disorders has been proposed for 3 decades, most research on the subject is just beginning. Indeed, 12 of 15 included studies have been conducted very recently, in a narrow 2-year timeframe. Thus, one might expect more data on the matter to appear in the few next years, which may soon require a review update.

The interpretation of the results is especially difficult as there is no agreement on "normal" reference values for pelvic incidence (Vaz et al. [@C31]). It has even been suggested that such values may not be settable as there is also a high variance of pelvic incidence estimates amongst healthy subjects (Vrtovec et al. [@C37]). However, this doubt is not in line with probably the largest report on pelvic incidence measurement conducted on 880 cadaveric specimens (Weinberg et al. [@C33]), which showed no barrier to creating reference values of pelvic incidence. Nevertheless, reference values are so far waiting to be created in a large population-based study on the topic.

According to this review, of all existing hip disorders, only 4 had been studied regarding the topic so far. As most included studies were conducted amongst patients with coxarthrosis, many questions are left for research. For example, the association between pelvic incidence and osteoporotic or other fractures in spinopelvic area is unclear.

The scope of this review was limited only to pelvic incidence. Pelvic posture and kinematics connected to spinal balance might play a more relevant role in hip disorders than pelvic incidence. There might be a connection between femoroacetabular impingement and low pelvic incidence. The pathogenesis and the exact definition of the mixed type of femoroacetabular impingement are unclear and femoroacetabular impingement often demonstrates anatomical features of both cam and pincer types (Ganz et al. [@C10], [@C11]). This fact adds uncertainty concerning the association between the mixed type of femoroacetabular impingement and pelvic incidence.

In summary, we found no evidence that pelvic incidence plays any substantial role in hip disorders. Lower pelvic incidence may be associated with the mixed type of femoroacetabular impingement and hip problems amongst patients with ankylosing spondylitis. The evidence on association between pelvic incidence and coxarthrosis remained inconclusive.
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